Highly time-resolved in-situ measurements of airborne particles were made at Mt. Yulong biomass-burning organic aerosol (BBOA), biomass-burning-influenced oxygenated organic aerosol (OOA-BB) and 21 oxygenated organic aerosol (OOA), were resolved using positive matrix factorization analysis. The two oxygenated OA factors 22 accounted for 87 % of the total OA mass. Three biomass burning events were identified by examining the enhancement of 23 black carbon concentrations and the f60 (the ratio of the signal at m/z 60 from the mass spectrum to the total signal of OA). 24 2 Back trajectories of air masses and satellite fire map data were integrated to identify the biomass burning locations and 25 pollutants transport. The western air masses from South Asia with active biomass burning activities transported large amount 26 of air pollutants, resulting in elevated organic concentrations up to 4-fold higher than that of the background condition. This 27 study at Mt. Yulong characterizes the tropospheric background aerosols of the Tibetan Plateau during pre-monsoon season, 28 and provides clear evidence that the southeastern edge of the Tibetan Plateau was affected by transport of anthropogenic 29 aerosols from South Asia. 30
Figure 3(b) shows the relative contribution of major chemical components as a function of PM1 mass concentrations, as well 133 as the probability density of PM1 mass loading. PM1 concentrations below 5 g m -3 showed the highest probability (68 %). 134
The fractions of organics and BC increase slightly with the increasing of PM1 concentrations, showing that they were the main 135 contributors to the pollution episodes in Mt. Yulong. 136
The PM1 components did not show distinct diel variations, but remained relatively constant during the whole day, as shown 137 in Fig. 3(c) . This is similar to the findings at the Puy-de-Dôme station in central France, and the Montsec station in western 138
Mediterranean Basin (Freney et al., 2011; Ripoll et al., 2015) . Strong long-range transport of air masses with few local 139 emissions could blur the diel cycles, since the air-mass transportations occurred regardless of the local time of the day. 140
Characterization of organic aerosol 141

Elemental compositions of organic aerosol 142
The elemental composition was calculated from high resolution mass spectra of organics obtained by AMS, using the 143 method developed by Canagaratna et al. (2015) . Compared with the previous method (Aiken et al., 2007; 2008) , the ratio of 144 O/C and H/C are typically increased by 20 % and 7 %, respectively. Bulk OA was mainly composed of carbon and oxygen, 145 with minor contributions from hydrogen and nitrogen, and had an average molecular formula of C1H1.4O1.1N0.04. The fragments 146 of organics were grouped into five types according to the existence of C, H, O or N atoms. C x H y + were only 21 % of the total 147 organic signal, while the oxygenated fraction (C x H y O z + ) accounted for 68 % of the total OA, which is higher than those 148 measured at urban and downwind site (30-41 %) (Huang et al., 2011; Sun et al., 2011; Hu et al., 2013) . The average OM/OC 149 and O/C ratios for the whole campaign were 2.63 and 1.11, respectively, and were similar to those measured in the north 150 eastern region of the Tibetan Plateau (OM/OC 2.75, O/C 1.16) (Xu et al., 2015) . These results are slightly higher than the 151 elemental ratios measured at another remote site (OM/OC: 2.4, O/C: 0.9) in the eastern Mediterranean (Bougiatioti et al., 2014), 152 probably due to the mixture of free troposphere aerosol after a long time of processing before arriving at this high altitude site. 153
The extremely high value of OM/OC reflects the highly oxidized nature of OA in the Tibetan Plateau. 154
Source apportionment of organic aerosol 155
PMF analysis was performed to investigate the sources of OA measured at Mt. Yulong. Three factors were resolved, 156 including a biomass burning organic aerosol (BBOA), an oxygenated biomass-burning-influenced organic aerosol (OOA-BB), 157
and an oxygenated organic aerosol (OOA). Details of the PMF analysis can be found in the supplement. The mass spectra of 158 the three factors are shown in Fig. 4 . The time series of the three factors and an external species (acetonitrile) are plotted in 159 BBOA has been frequently identified in previous studies at urban and regional sites (Zhang et al., 2011) . The mass spectrum 162 of BBOA has a notable contribution from m/z 60 (mainly C2H4O2 + , contributing 3.1 % of the total mass spectra), which is 163 from fragmentation of levoglucason. As shown in Table 1 
N=13). 167
The factor was also confirmed to be BBOA, since it has a similar temporal variation to that of acetonitrile (Fig. 5 ), a gas phase 168 tracer for biomass burning. 169
The average concentration of BBOA was 0.5 g m -3 for the whole campaign, accounting for 13 % of the total OA mass, 170 with a maximum contribution at 61 % ( Fig. 6 (a) ). The spikes in the time series of BBOA indicate that a fraction of BBOA 171 was contributed by primary sources nearby, possibly occasional biomass burning activities for domestic heating and cooking. 172
The increasing fraction of BBOA as a function of total OA concentrations points to contributions from biomass burning 173 activities during the pollution episodes (Fig. 6 (b) ). 174
OOA-BB 175
The mass spectrum of OOA-BB factor was dominated by CxHyOz + fragments, especially org29 (CHO 
. The spectrum of OOA-BB in this study well correlated with aged BBOA obtained 3 hours downwind of a9 forest fire (Brito et al., 2014) (Pearson R=0.97, N=100). It is qualitatively similar to published OOA-BB spectra from aged 178 BB plumes in China during the harvest seasons (Zhang et al., 2015) , and also presented many similarities to those of OOA2-179 BBOA resolved in the metropolitan area of Paris (Crippa et al., 2013) . 180
The average concentration of OOA-BB was 0.9 g m -3 for the whole campaign, accounting for 22 % of the total OA mass. 181
Compared with BBOA measured near sources, OOA-BB shows a higher oxygenated degree, with an O/C of 0.85, and a 182 lower fraction of m/z 60 (0.6 %), as a result of the oxidation of primary levoglucosan-type species (Jolleys et al., 2015) . This 183 oxidation process can be quick in elevating the oxidation state and reducing f60 (calculated as the ratio of the signal at m/z 60 184 to the total OA signal), which is also reported in another study by Minguillón et al. (2015) . As the plumes originated from 185 South Asia were measured at a distance of several hundred kilometers downwind, emissions would have undergone 186 substantial aging prior to sampling. The aging process includes both the gas-phase oxidation of semi volatile species from 187 biomass burning sources and heterogeneous or homogeneous reactions of existing particles during long-range transport 188 the correlation value for sulfate with respect to OOA factor increased to 0.79 (N=3878), which is consistent with previous 203
studies. 204
As shown in Fig. 6(a) , the two OOA factors (OOA-BB and OOA) were very abundant, with a predominantly contribution 205 of 87 % to the total OA mass. This is consistent with the high oxygen level in the total OA. During 80 % of the observation 206 period, OA concentrations were lower than 5 g m -3 , with strong contributions from secondary organic aerosols (OOA and 207 OOA-BB) (Fig. 6 (b) ). This indicates that the background site was predominated by organic aerosols formed through regional 208 transportation. 209
Discussion 210
Identification of biomass burning events 211
Enhanced BC concentrations were used to help identifying periods influenced by biomass burning plumes (Bougiatioti et 212 al., 2014). The BC concentration of 85 ng m -3 was taken as the background concentration at this site. It is the average 213 concentration observed in the beginning of April (1st April to 4th April), when the strong wind scavenged pollutants of the 214 whole region. Back trajectory and fire maps illustrate that the dominant air masses for this period was from north India with 215 minor biomass burning activities (see Fig. 7(d) ). This concentration is consistent with the two-year averaged background level 216 measured at Southern Himalayas (Marinoni et al., 2010) , and comparable to the lowest BC concentrations found over the 217 southeastern Tibetan Plateau in the pre-monsoon season (Engling et al., 2011). 218
During the sampling period, three episodes were identified as being influenced by biomass burning, with the following 219 criteria satisfied, i.e. (a) Back trajectory analysis shows a uniform source region; (b) Fire map shows fire spots in the region 220 during the episode; (c) BC concentrations were higher than the background level of 85 ng m -3 determined above. One long-221 lasting and strong episode was from 22nd March to 30th March. The air masses arrived at the site during this period were from 222 the north part of Myanmar, and covered active biomass burning areas (see Fig. 7(a) ). As shown on the fire map, the site may 223 also be influenced by wildfires in the vicinity. Two less intense events were observed on 5th -6th April and 11th -12th April, 224 with slightly elevated BC concentrations. During the third event (11th -12th April), the site experienced heavy snow. The 225 back trajectory shows that air masses to this region were transported from regions with few fire spots. The enhanced BC 226 concentration was probably emitted by biomass burning activities nearby for domestic heating and cooking. 227
These three biomass burning events were further validated by the increase of the fraction of biomass burning tracers, f60. 228
During the first and second events, the average f60 were 0.98 % and 0.61 %, respectively. These values were much lower than 229 the f60 of 1.4 % during the third event, which was influenced by fires in the vicinity. This showed the decay of f60 in ambient 10, 4 and 6-fold higher than that of the background condition. During the first event, due to co-occurrence of biomass burning 237 activities in the vicinity together with the long-range transport of biomass burning plume, the concentration of BC reached 14 238 times higher than that of the background condition. All species remained low and sustained background concentrations during 239 the clean episode, with an average PM1 concentration of 1.2 g m -3 . 240
Characteristic of three Biomass burning events 241
The comparison of OA fractions of different biomass burning events is shown in Fig. 9 . Since the air masses arriving at Mt. 242
Yulong during the second event were transported from active biomass burning areas in Myanmar within 48h, most of the 243 freshly emitted BBOA were processed and transformed to more oxidized OA, with OOA and OOA-BB together accounting 244 for 90 % on average of the total organic mass. Although the ratio of BBOA to the total OA during this event has a similar level 245 to the background level, the mass concentrations of both OA and BBOA were more elevated than the background level. In 246 contrast, the fraction of BBOA had strong enhancement during the third event, reaching 23 %. It is consistent with the 247 previously mentioned identification that the biomass burning plumes were mainly from residential heating nearby, which could 248 emit large amount of fresh BBOA. 249
The aging and/or mixing processes of different biomass burning plumes are further characterized in terms of the f44 vs. The OA clusters of three biomass burning events are shown clearly in the f44-f60 triangle plot (Fig. 10) . The OA clusters of 256 the first and third events both present OA peaks with high f60 values, since the site was possibly influenced by residential 257 heating in the surrounding regions during these two episodes. The OA cluster of the second event presents more similar 258 oxidative properties to OOA and OOA-BB, due to loss of biomass burning marker through aging process during transport. 259
Conclusions 260
During the pre-monsoon season the aerosol evolution was explored at a high altitude receptor site on Mt. Yulong (3410 m 261 a.s.l.) in the Tibetan Plateau in Southwestern China. The average concentration of PM1 was 5.7 g m -3 , which was far below 262 that measured in urban and suburban as well as regional sites of China. The carbonaceous species (OA+BC) were very 263 abundant in PM1, with an average contribution of 77 %, followed by sulfate (14 %) and ammonium (5 %). This high altitude 264 mountain site is suitable for tracing the influence of pollution plumes transported from the large areas of South Asia. 265
Using PMF analysis, organic aerosol was resolved into three factors, BBOA, OOA-BB and OOA. OOA-BB formed after 
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